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(57) ABSTRACT

Provided is a method and apparatus for cleaning a photomask.
The photomask including a first region and a second region
surrounding the first region, a pattern to be protected disposed
on the first region, and a material to be removed exists on the
second region. A cleaning liquid is sprayed from an inside
region of the second region toward an outer region of the
second region to remove the material, and a gas is blown from
the first region toward the second region to protect the pattern.

17 Claims, 5 Drawing Sheets

1

/ ---=- GAS

> CLEANING
WATER



U.S. Patent Sep. 1, 2015 Sheet 1 of 5 US 9,122,177 B2

FIG. 1
/

10 15 20 25

||
)

10 i /
AN
AN AN GAS

~ —_————

Y, Ve S »-'?f?ff{:f:;:;.;._.‘.__ CLEANING
......... “ WATER



U.S. Patent Sep. 1, 2015 Sheet 2 of 5 US 9,122,177 B2

FIG. 3

300 290 400
30
~
32 3

FIG. 4

300 200 40

\i/ /33

333 —




U.S. Patent Sep. 1, 2015 Sheet 3 of 5 US 9,122,177 B2

FIG. 5A

300 100




U.S. Patent Sep. 1, 2015 Sheet 4 of 5 US 9,122,177 B2




U.S. Patent Sep. 1, 2015 Sheet 5 of 5 US 9,122,177 B2

FIG. 7A

FIG. 7B




US 9,122,177 B2

1
APPARATUS FOR CLEANING PHOTOMASK

CROSS REFERENCE TO RELATED
APPLICATION

This is a divisional application based on pending applica-
tion Ser. No. 12/846,181 filed Jul. 29, 2010, the entire con-
tents of which is hereby incorporated by reference.

BACKGROUND

1. Field

The embodiments relate to a method of manufacturing a
semiconductor device, and more particularly, to a method and
apparatus for cleaning a photomask.

2. Description of the Related Art

A photolithography process may be used to form a prede-
termined pattern on a semiconductor substrate. In particular,
a photoresist pattern may be formed by transcribing a pattern
of a photomask onto a photoresist layer of a semiconductor
substrate, and a predetermined pattern may be formed by
etching a semiconductor substrate or a material layer formed
thereon by using the photoresist pattern.

The photomask may be used to form the photoresist pattern
on the semiconductor substrate. For example, the photomask
may be formed by making a shielding pattern made of a
material such as chromium (Cr) on a transparent substrate,
e.g., quartz. Then, a shielding pattern image is transcribed
onto the photoresist layer of the semiconductor substrate by
exposing the photomask on which the shielding pattern is
formed.

However, when foreign substances exist on the photomask,
the shielding pattern image may not be effectively transcribed
onto the photoresist layer. In addition, when the exposing of
the photomask is continually performed, haze or a critical
dimension skew may occur on the photomask. Thus, during a
manufacturing process of a semiconductor device, the pho-
tomask has to be periodically cleaned. The cleaning operation
of the photomask may include removing a photoresist,
removing foreign substances/particles/contamination sub-
stances, removing remnant pellicle adhesives, and/or the like.

SUMMARY

Embodiments are therefore directed to a method and appa-
ratus for cleaning a photomask, which substantially over-
come one or more of the problems due to the limitations and
disadvantages of the related art.

It is therefore a feature of an embodiment to provide a
method for cleaning a photomask that includes protecting a
pattern formed on a first region of a photomask when remov-
ing a material deposited on a second region of the photomask.

It is therefore another feature of an embodiment to provide
an apparatus for cleaning a photomask that is capable of
protecting a pattern formed on a first region of a photomask
and removing a material deposited on a second region of the
photomask.

At least one of the above and other features and advantages
may be realized by providing a method of cleaning a photo-
mask, the method may include providing the photomask hav-
ing a first region and a second region surrounding the first
region, a pattern to be protected being disposed on the first
region, and a material to be removed existing on the second
region. Spraying a cleaning liquid from an inner region of the
second region toward an outer region of the second region to
remove material from the second region, and blowing a gas
from the first region toward the second region.
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The method may further include spraying deionized water
from the inner region of the second region toward the outer
region of the second region to remove the cleaning liquid, and
blowing the gas from the first region toward the second
region. The material to be removed may be remnant adhe-
sives, and the remnant adhesives may exist on the second
region along a parameter of the first region.

The method may further include providing a cleaning
apparatus that includes a guide nozzle having a cleaning
liquid nozzle and a blowing nozzle disposed on a rear surface
of the cleaning liquid nozzle. The spraying of the cleaning
liquid may include spraying the cleaning liquid from an
inside region on which the material exists towards an outer
region through the cleaning liquid nozzle, and the blowing of
the gas may include blowing the gas from the rear surface of
the deionized water nozzle towards the second region through
the blowing nozzle. The guide nozzle may be disposed on at
least one inner surface of a frame of the cleaning apparatus,
and an area of a bottom surface of the frame may be equal to
an area of the first region, or may be greater than the area of
the first region and smaller than an area surrounded by the
material.

The method may further include providing a cleaning
apparatus including a frame having a guide plate. The spray-
ing of the cleaning liquid may include spraying the cleaning
liquid to an upper surface of the guide plate, and the blowing
of'the gas may include blowing the gas from an inside region
of the frame, the frame surrounding the inside region. The
cleaning liquid may be uniformly sprayed toward the second
region by a plurality of gullies on the guide plate. An area of
a bottom surface of the guide plate may be equal to an area of
the first region, or may be greater than the area of the first
region and smaller than an area surrounded by the material,
and the frame may have a quadrangular pyramid shape.

The method may further include providing a cleaning
apparatus including a frame having a guide, the frame sub-
stantially overlapping the pattern. The spraying of the clean-
ing liquid may be in a direction toward the inner region
through a first guide attached to a frame of the cleaning
apparatus, and the blowing the gas may be in a direction
toward the first region through a second guide in an inside
region of the frame of the cleaning apparatus. The inside
region may be substantially enclosed by the frame. The gas
may be blown simultaneously with the spraying of the clean-
ing liquid.

The method may further include providing a cleaning
apparatus including a guide nozzle having a cleaning liquid
nozzle, a deionized water nozzle disposed on a rear surface of
the cleaning liquid nozzle, and a blowing nozzle disposed on
a rear surface of the deionized water nozzle. The spraying of
the cleaning liquid may include spraying the cleaning liquid
from an inside region on which the material exists towards an
outer region through the cleaning liquid nozzle, the spraying
of the deionized water may include spraying the deionized
water from the inside region of the second region towards the
outer region of the second region through the deionized water
nozzle, and the blowing of the gas may include blowing the
gas from the rear surface of the deionized water nozzle
towards the second region through the blowing nozzle. The
guide nozzle may be disposed on at least one inner surface of
a frame of the cleaning apparatus, and an area of a bottom
surface of the frame may be equal to an area of the first region,
or may be greater than the area of the first region and smaller
than an area surrounded by the material.

The method may further include providing a cleaning
apparatus including a frame having a guide plate. The spray-
ing of the cleaning liquid may include spraying the cleaning
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liquid to an upper surface of the guide plate, the spraying of
the deionized water may include spraying the deionized water
to the upper surface of the guide plate, and the blowing of the
gas may include blowing the gas from an inside region of the
frame, the frame surrounding the inside region. The cleaning
liquid may be uniformly sprayed toward the second region by
a plurality of gullies on the guide plate. An area of a bottom
surface of the guide plate may be equal to an area of the first
region, or may be greater than the area of the first region and
smaller than an area surrounded by the material, and the
frame may have a quadrangular pyramid shape.

The method may further include providing a cleaning
apparatus including a frame having a guide, the frame sub-
stantially overlapping the pattern. Spraying the cleaning liq-
uid in a direction toward the inner region through a first guide
attached to a frame of the cleaning apparatus, blowing the gas
in a direction toward the first region through a second guide in
an inside region of the frame of the cleaning apparatus, the
inside region being enclosed by the frame, and spraying the
deionized water in the direction toward the inner region
through a third guide attached to a frame of the cleaning
apparatus.

The method may further include arranging a source for
blowing the gas between the pattern and a source for spraying
the cleaning liquid. The blowing of the gas may occur before
and during the spraying of the cleaning liquid. The blowing of
the gas may occur during and after the spraying of the clean-
ing liquid. The cleaning liquid may include a sulfuric acid
(H,SO,) solution, and the gas may include clean dry air
(CDA) or nitrogen (N,) gas.

At least one of the above and other features and advantages
may be realized by providing an apparatus for cleaning a
photomask, the photomask may include a first region and a
second region disposed outside of the first region, wherein a
pattern to be protected is disposed on the first region, and a
material to be removed is disposed on the second region. The
apparatus may include an injection unit, and a frame receiv-
ing a cleaning liquid, deionized water, and a gas from the
injection unit, the frame being capable of spraying the clean-
ing liquid from an inner region of the second region toward an
outer region of the second region, and the frame being capable
of blowing the gas from the first region toward the second
region.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of ordinary skill in the art by describ-
ing in detail exemplary embodiments with reference to the
attached drawings, in which:

FIG. 1 illustrates a diagram of a photomask according to an
exemplary embodiment;

FIG. 2 illustrates a schematic diagram for explaining a
method of cleaning a photomask according to an exemplary
embodiment;

FIG. 3 illustrates a perspective view of an apparatus for
cleaning a photomask according to an exemplary embodi-
ment;

FIG. 4 illustrates a schematic cross-sectional view of an
exemplary guide nozzle of the apparatus illustrated in FIG. 3;

FIGS. 5A and 5B illustrate cross-sectional views for
explaining an exemplary method of cleaning a photomask by
using the apparatus illustrated in FIG. 3;

FIG. 6 illustrates a perspective view of an apparatus for
cleaning a photomask according to another exemplary
embodiment; and
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FIGS. 7A and 7B illustrate cross-sectional views for
explaining an exemplary method of cleaning a photomask by
using the apparatus illustrated in FIG. 6.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2009-0071303, filed on
Aug. 3, 2009, in the Korean Intellectual Property Office, and
entitled: “Method and Apparatus for Cleaning Photomask,” is
incorporated by reference herein in its entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Moreover, in the drawings, the thicknesses of layers and
regions may be exaggerated for clarity.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when an element is referred to as
being “on” another element, it can be directly on the other
element, or intervening elements may also be present. Fur-
ther, it will be understood that when an element is referred to
as being “under” another element, it can be directly under,
and one or more intervening elements may also be present. In
addition, it will also be understood that when an element is
referred to as being “between” two elements, it can be the
only element between the two elements, or one or more
intervening elements may also be present. Like reference
numerals refer to like elements throughout.

FIG. 1 illustrates a diagram of a photomask 1 according to
an exemplary embodiment.

Referring to FIG. 1, a surface of the photomask 1 may be
divided into a first region 10 and a second region 20. The first
region 10 is an inner region of the surface of the photomask 1,
on which a pattern 15 may be formed. The second region 20
is an outer region of the surface of the photomask 1, and may
surround the firstregion 10. A pollutant material 25 may exist,
e.g., may be generated during pattern formation and/or depos-
ited, on the second region 20. In detail, in a cleaning process
of the photomask 1, the first region 10 may be a protected
region on which the pattern 15 to be protected from a cleaning
liquid is formed. The second region 20 may be a cleaning
region on which the pollutant material 25, e.g., remnant adhe-
sives, to be removed by the cleaning liquid exists.

Hereinafter, the “pollutant material 25” and “remnant
adhesives 25” will be used interchangeably and to exemplify
description of a method of cleaning the photomask 1. How-
ever, embodiments are not limited to this case, and the method
according to the embodiments may also be used to remove
other materials existing on the photomask 1. In addition,
although in FIG. 1 the remnant adhesives 25 are shown as
forming a profile having a tetragonal shape, the embodiments
are not limited to removing material existing on the photo-
mask 1 in a tetragonal shape surrounding the first region and
may include removal of materials that form various profiles
on the photomask 1, e.g., circular shapes, etc.

For example, the pollutant material 25 may be remnant
pellicle adhesives. Pellicle is a protective layer that may be
attached to a surface of the pattern 15 of the photomask 1 in
order to prevent the contamination of the pattern 15. That is,
the pellicle may prevent foreign substances from becoming
attached to the photomask 1, prior to using the photomask 1 in
a photolithography process. The pellicle may be attached to
the surface of the pattern 15 of the photomask 1 by using
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predetermined adhesives, and then the remnant pellicle adhe-
sives may be removed. For example, according to an exem-
plary embodiment, the remnant pellicle adhesives may be
removed with a cleaning liquid, e.g., a liquid including sul-
furic acid (H,SO,).

FIG. 2 illustrates a schematic diagram for explaining an
exemplary method of cleaning a photomask according to an
exemplary embodiment.

Referring to FIG. 2, a cleaning liquid 100 may be sprayed
from a position above the photomask 1. As illustrated in FIG.
2, the cleaning liquid 100 may be sprayed, e.g., flow along a
direction, from an inner region 21 of the second region 20
toward an outer region 22 of the second region 20 in order to
remove pollutant material 25, e.g., the remnant pellicle adhe-
sives, from the second region 20 of the photomask 1. In
particular, the cleaning liquid 100 may be sprayed from an
inside of a profile, e.g., a line, formed by the remnant adhe-
sives 25 on the second region 20 toward an outside of the
profile. Thus, the cleaning liquid may flow from the inner
region 21, i.e., a region adjacent to the first region 10, toward
the outer region 22, i.e., a region along an outermost edge of
the photomask 1. The cleaning liquid 100 may be sequentially
sprayed along various directions toward the remnant adhe-
sives 25. Alternatively, a time taken to perform a cleaning
operation may be reduced by spraying the cleaning liquid 100
simultaneously in all directions, as illustrated in FIG. 2.

In an exemplary embodiment, the cleaning liquid 100 may
be a sulfuric acid (H,SO,) solution. However, the cleaning
liquid 100 is not limited to a sulfuric acid (H,SO,) solution,
and may be variously changed, e.g., may be cleaning water,
according to the material, e.g., substances/particles/contami-
nation substances, and/or the like, on the photomask 1 to be
removed.

In order to protect the pattern 15 from the cleaning liquid
100, a gas 300 may be blown toward the photomask 1. In an
exemplary embodiment, a gas source may be positioned
above the first region 10 of the photomask 1, and the gas 300
may be blown from a region above the first region 10 in a
direction oriented from the first region 10 toward the second
region 20. By blowing the gas 300 in the direction from the
first region 10 toward the second region 20, the cleaning
liquid 100 may flow from the inner region 21 of the second
region 20 toward the outer region 22 along the photomask 1,
without flowing into the pattern 15 of the first region 10. As
such, although the photomask 1 is cleaned, the pattern 15 of
the photomask 1 may not be directly exposed to the cleaning
liquid 100. For example, the gas 300 may be blown simulta-
neously and radially to flow across an entire perimeter of the
photomask 1.

The gas 300 may be, e.g., clean dry air (CDA) or nitrogen
(N,) gas. However, the gas 300 is not limited thereto, and may
vary, e.g., according to the cleaning liquid 100 being used to
clean the photomask 1.

By flowing the gas 300 in a direction oriented away from
the region 10, the cleaning liquid 100 sprayed toward the
photomask I may be directed away from the region 10 and the
pattern 15. By protecting the cleaning liquid 100 from
directly flowing into the pattern 15 during the cleaning opera-
tion of the photomask 1, a change in critical dimension or
optical density, or inverse contamination may be prevented or
substantially minimized on the photomask 1. Moreover, a
reduction in the lifetime of the photomask I may be mini-
mized. In contrast, conventional cleaning methods, e.g.,
immersing a photomask with pellicle adhesives in a sulfuric
acid (H,SO,) bath, or rotating the photomask while the sul-
furic acid (H,SO,) is applied to the pellicle adhesive may
directly expose a pattern on a photomask to the sulfuric acid
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(H,SO,) solution, thereby causing, e.g., a critical dimension
to be changed due to loss in chromium (Cr) in a case of a
binary mask, or the optical density of a blind region to be
changed in a case of a phase shift mask (PSM). Additionally,
the lifetime of a photomask may be reduced, e.g., by the
changes in the critical dimension and/or optical density of the
photomask. Further, inverse contamination may occur when a
surface of a pattern formed on a photomask is directly
exposed to aH,SO, solution during conventional cleaning for
removing pellicle adhesives, e.g., byproducts may be gener-
ated on the photomask following the removal processes caus-
ing inverse contamination, and thus defects may be formed on
the photomask.

The exemplary embodiment where the gas 300 is blown
after the cleaning liquid 100 is sprayed has been described.
According to this embodiment, it may be advantageous to
blow the gas 300 as quickly as possible after the cleaning
liquid 100 is sprayed, so that the cleaning liquid 100 does not
flow into the first region 10 before the gas 300 is blown.

Embodiments are not limited to the circumstance of the gas
300 being blown after the cleaning liquid 100 is sprayed. For
example, the gas 300 may be blown before the cleaning liquid
100 is sprayed. In another example, the cleaning liquid 100
may be sprayed at the same time as the gas 300 is blown.
Various combination of the gas 300 being blown and the
cleaning liquid 100 being sprayed may be used, e.g., the gas
300 may be blown simultaneously with the cleaning liquid
100 being sprayed and after the cleaning liquid 100 is
sprayed, or the gas 300 may be blown before and during
spraying of the cleaning liquid 100.

FIG. 3 illustrates a perspective view of an apparatus 30 for
cleaning a photomask according to an exemplary embodi-
ment.

Referring to FIG. 3, the apparatus 30 may include a pillar
frame 31 and an injection unit 32. The apparatus 30 may also
include a plurality of guide nozzles 33 (FIG. 4). As illustrated
in FIG. 3, the pillar frame 31 may have a square or rectangular
shaped frame. However, in other embodiments the pillar
frame 31 may have various shapes such as, e.g., a pyramidal
shape, a quadrangular pyramidal shape, a polygonal frame
shape, a spherical shape, or a like shape.

The injection unit 32, as shown in FIG. 3, may have a
circular cylindrical shape, and may include three, e.g., sepa-
rated, cylinders for respectively injecting the cleaning liquid
100, deionized water 200, and the gas 300 into the pillar frame
31. However, in other embodiments, the injection unit 32 may
include multiple, e.g., circular, cylinders according to the
number of materials to be injected therethrough. The injec-
tion unit 32 may have various shapes, e.g., a square tube
shape, a rectangular tube shape, a triangular tube shape, a
polygonal tube shape, or a like shape. The cylinders may have
any suitable shape, e.g., may be appropriately shaped accord-
ing to the shape of the injection unit 32.

Referring to FIG. 3, an area of a bottom surface, i.e., a
surface facing the photomask 1, of the pillar frame 31 may be
substantially the same as the area of the first region 10, or may
be greater than the area of the first region 10 and smaller than
the area surrounded by the profile, e.g., lines, formed by the
remnant adhesives 25. For example, pillar frame 31 may be
positioned to, e.g., completely, overlap the first region 10.
According to an exemplary embodiment, the remnant adhe-
sives 25 may be formed in lines constituting a square, and thus
the apparatus 30 may include the pillar frame 31 shaped as a
square frame. However, the apparatus 30 may include a frame
having another shape substantially corresponding to a shape
formed by the remnant adhesives 25 on the second region 20
of the photomask 1 or a shape of the first region 10.
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The plurality of guide nozzles may be disposed on inner
surfaces of the pillar frame 31, e.g., inside the pillar frame 31.
For example, guide nozzles for blowing gas may also be
dispersed throughout the pillar frame. An interval between
the guide nozzles may be changed, and the arrangements of
the guide nozzles may be changed. For example, the guide
nozzles may be disposed only on one surface of the multiple
surfaces of the pillar frame 31, so the remnant adhesives 25
surrounding all the multiple surfaces of the pillar frame 31
may be previously or separately removed, e.g., sequentially.
Alternatively, the guide nozzles may be disposed on all of the
multiple surfaces, e.g., the four surfaces, of the pillar frame
31, and the remnant adhesives 25 surrounding all the surfaces
of pillar frame 31 may be simultaneously removed.

FIG. 4 illustrates a cross-sectional view of an exemplary
guide nozzle 33 in the apparatus 30 shown in FIG. 3.

Referring to FIG. 4, the guide nozzle 33 may include first,
second, and third nozzles 331, 332, and 333, respectively. The
guide nozzle 33 may include the first nozzle 331 for spraying
the cleaning liquid 100, the second nozzle 332 for spraying
the deionized water 200, and the third nozzle 333 for blowing
the gas 300. However, in other embodiments, the guide nozzle
33 may include two nozzles, or alternatively may include four
or more nozzles. For example, the number of nozzles in the
guide nozzle 33 may be dependent on the number of solutions
and gases to be supplied to the photomask 1. For example, the
guide nozzle 33 may include multiple nozzles that supply a
same solution or gas to the photomask 1, e.g., the guide nozzle
33 may include two or more nozzles for blowing the gas 300.

According to an exemplary embodiment, the first, second,
and third nozzles 331, 332, and 333 may be arranged in a row.
For example, the first nozzle 331 may be disposed at the
rightmost portion, e.g., directly on an inner surface of the
pillar frame 31, of the guide nozzle 33, the second nozzle 332
may be disposed next to, e.g., on a rear surface of, the first
nozzle 331, and the third nozzle 333 may be disposed next to,
e.g., on a rear surface of, the second nozzle 332. However, in
other embodiments, the arrangement order of the first nozzle
331 and the second nozzle 332 may be reversed. Alterna-
tively, the first nozzle 331 and the second nozzle 332 may
both be disposed, e.g., adjacent a side surface of the injection
unit 32 or directly on the inner surface of the pillar frame 31,
and the third nozzle 333 may be disposed behind, e.g.,
between a center of the pillar frame 31 and first nozzle 331,
the first nozzle 331 and the second nozzle 332.

As shown in FIG. 4, an upper portion 340 of the guide
nozzle 33 may have a substantially linear shape, and a lower
portion 350 of the guide nozzle 33 may be bent relative to the
upper portion 340 in a direction toward the second region 20
of the photomask 1. For example, upper portion 340 and
lower portion 350 may correspond, e.g., may be conformed
to, the sidewalls of the pillar frame 31. A bending degree Bof
the guide nozzle 33, i.e., an angle formed between the upper
portion 340 and the lower portion 350 of the guide nozzle 33,
may be determined according to the position of the material or
remnant adhesives 25 that are to be removed from the photo-
mask 1. For example, the bending degree 6 may be less than
180° degrees and more than 90° degrees. As such, a spraying
direction of the cleaning liquid 100 and the deionized water
200 and a blowing direction of the gas 300 through the guide
nozzle 33 may be angled toward the outer region 22 of the
surface of the photomask 1. As such, the pattern 15 formed on
the first region 10 may be protected from the cleaning liquid
100 and the deionized water 200.

A shape of the guide nozzle 33 is not limited to the shape
shown in FIG. 4. For example, the guide nozzle 33 may have
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various shapes such as a straight shape, a “V’ shape, a ‘U’
shape, a triangular shape, a square shape, a polygonal shape,
or a circular shape.

FIGS. 5A and 5B illustrate cross-sectional views for
explaining an exemplary method of cleaning a photomask by
using the apparatus 30 of FIG. 3. For convenience of descrip-
tion, in FIGS. 5A and 5B, only the photomask 1 and a single
guide nozzle 33 are illustrated. However, there may be other
guide nozzles 33 positioned throughout the pillar frame 31.

FIG. 5A illustrates a cross-sectional view of an exemplary
operation of removing the remnant adhesives 25 of the pho-
tomask 1 by using the apparatus 30 of FIG. 3.

Referring to FIG. 5A, the cleaning liquid 100 may be
sprayed in a direction from the inner region 21 of the second
region 20 of the photomask 1 to the outer region 22 of the
second region 20 through the first nozzle 331. The gas 300
may be blown in the direction from the first region 10 of the
photomask 1 toward the second region 20 through the third
nozzle 333. Thus, according to an exemplary embodiment,
since the gas 300 is blown in this direction, the cleaning liquid
100 may not flow into the first region 10 and only flow toward
the second region 20. Thus, the remnant adhesives 25 left on
the second region 20 may be removed by the cleaning liquid
100, and the pattern 15 formed on the first region 10 may not
be directly exposed to the cleaning liquid 100 so as to be
protected from the cleaning liquid 100. In other words, the
guide nozzle 33 may be configured so the cleaning liquid 100
may flow through the first nozzle 331 to contact, e.g., only the
second region 20, as illustrated in FIG. 5A. As further illus-
trated in FIG. 5A, the third nozzle 333 may be arranged
between the first nozzle 331 and a center of the apparatus 30,
so the gas 300 may be blown from the first region 10 toward
the second region 20.

FIG. 5B illustrates a cross-sectional view of an exemplary
operation of rinsing the cleaning liquid 100 on the second
region 20 of the photomask 1 by using the apparatus 30 of
FIG. 3.

Referring to FIG. 5B, the deionized water 200 may be
sprayed in a direction from the inner region 21 of the second
region 20 ofthe photomask 1 toward the outer region 22 of the
second region 20 through the second nozzle 332. In addition,
the gas 300 may be blown in a direction from the first region
10 of the photomask 1 toward the second region 20 through
the third nozzle 333. Thus, according to an exemplary
embodiment, since the gas 300 is blown in this direction, the
deionized water 200 may not flow into the first region 10 and
only flow toward the second region 20. Thus, the cleaning
liquid 100 left on the second region 20 may be removed by the
deionized water 200, and the pattern 15 formed on the first
region 10 may not be directly exposed to the deionized water
200 so as to be protected from the deionized water 200.

FIG. 6 illustrates a perspective view of an exemplary appa-
ratus 40 for cleaning the photomask 1.

Referring to FIG. 6, the apparatus 40 may include a pyra-
mid frame 41 and an injection unit 42. For example, as illus-
trated in FIG. 6, the pyramid frame 41 may have a quadran-
gular pyramid shape, and a surface of the pyramid frame 41
may function as guide plates. Hereinafter, the surfaces con-
stituting the pyramid frame 41 and guide plates will be used
interchangeably.

The injection unit 42 may have, e.g., a circular cylindrical
shape, and may include three, e.g., separated, cylinders, e.g.,
concentric cylinders, for respectively injecting the cleaning
liquid 100, deionized water 200, and the gas 300 toward the
pyramid frame 41. However, in other embodiments, the injec-
tion unit 42 may include multiple cylinders according to the
number of materials to be injected therethrough. The injec-
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tion unit 42 may have various shapes, e.g., a square tube
shape, a rectangular tube shape, a triangular tube shape, a
polygonal tube shape, or a like shape. The cylinders may have
any suitable shape, e.g., may be appropriately shaped accord-
ing to the shape of the injection unit 42.

As illustrated in FIG. 6, the area of a bottom surface of the
pyramid frame 41, i.e., a surface facing the photomask 1, may
be substantially equal to an area of the first region 10, or may
be greater than the area of the first region 10 and smaller than
an area surrounded by a profile, e.g., lines, formed by the
material or remnant adhesives 25. According to an exemplary
embodiment, the remnant adhesives 25 may be formed in
lines constituting a square, and thus the apparatus 40 may
include the pyramid frame 41 shaped as a quadrangular pyra-
mid. However, according to other embodiments, the appara-
tus 40 may include a frame having another shape substantially
corresponding to a profile, e.g., a shape, formed by the rem-
nant adhesives 25 on the second region 20 of the photomask
1.

The guide plates forming the surfaces of the pyramid frame
41 in apparatus 40 may include a plurality of gullies, which
may be formed like the ribs of a fan, formed thereon. Thus,
when the cleaning liquid 100 or the deionized water 200 is
provided onto upper surfaces of the pyramid frame 41, the
cleaning liquid 100 or the deionized water 200 may be uni-
formly sprayed onto the photomask 1 along the gullies of the
guide plates.

The pyramid frame 41 may have a multi-layered structure
including at least two layers. In this case, the cleaning liquid
100 may be provided to an upper layer, and the deionized
water 200 may be provided to a lower layer. In other words,
the upper layer may be arranged so an initial contact point of
the cleaning liquid 100 on the photomask 1 may be closer to
the second region 20 than the initial contact point of the
deionized water 200 on the photomask 1. However, according
to other embodiments, the pyramid frame 41 may include
more than three layers according to the number of solutions
required for a cleaning process, ¢.g., the arrangement of the
upper layer, the lower layer, and the cylinders in the apparatus
40 may correspond to each other.

FIGS. 7A and 7B illustrate cross-sectional views for
explaining an exemplary method of cleaning a photomask by
using the apparatus 40 of FIG. 6. For convenience of descrip-
tion, FIGS. 7A and 7B illustrate the photomask 1 and one
layer of a guide plate forming a surface of the pyramid frame
41.

FIG. 7A illustrates a cross-sectional view of an exemplary
operation of removing the remnant adhesives 25 of the pho-
tomask 1 by using the apparatus 40 of FIG. 6.

Referring to FIG. 7A, the cleaning liquid 100 may be
sprayed to flow from the inner region of the second region 20
of the photomask 1 toward the outer region of the second
region 20 by providing the cleaning liquid 100 along an
inclined upper surface of the pyramid frame 41, e.g., on at
least one guide plate of the upper layer. The gas 300 may be
blown in a direction from the first region 10 of the photomask
1 toward the second region 20, e.g., simultaneously with the
spraying of the cleaning liquid 100. The gas 300 may be
provided from an inside region 45 of the pyramid frame 41.
The inside region 45 may be surrounded, e.g., completely
surrounded, by the pyramid frame 41. The inside region 45
may also include a plurality of nozzles and/or tubes for blow-
ing the gas 300 from the first region 10 toward the second
region 20.

Thus, according to an exemplary embodiment, since the
gas 300 is blown in the direction from the first region 10
toward the second region 20, e.g., continuously during spray-
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ing of the cleaning liquid 100, the cleaning liquid 100 may not
flow into the first region 10 and may only flow toward the
second region 20. Thus, the remnant adhesives 25 left on the
second region 20 may be removed by the cleaning liquid 100,
and the pattern 15 formed on the first region 10 may not be not
directly exposed to the cleaning liquid 100 so as to be pro-
tected from the cleaning liquid 100.

FIG. 7B illustrates a cross-sectional view of an exemplary
operation of rinsing the cleaning liquid 100 on the second
region 20 of the photomask 1 by using the apparatus 40 of
FIG. 6.

Referring to FIG. 7B, the deionized water 200 may be
sprayed from the inner region of the second region 20 of the
photomask 1 toward the outer region of the second region 20
by providing the deionized water 200 to an inclined upper
surface of the pyramid frame 41, e.g., on at least on guide
plate ofthe lower layer. In addition, the gas 300 may be blown
from the first region 10 of the photomask 1 toward the second
region 20 by providing the gas 300 from the inside region 45
of the pyramid frame 41. Thus, according to an exemplary
embodiment, since the gas 300 is provided between the pat-
tern 15 on the photomask 1 and deionized water 200, the gas
300 may blow away from the pattern 15, and the deionized
water 200 may not flow into the first region 10 and may flow
only toward the second region 20. Thus, the cleaning liquid
100 left on the second region 20 may be removed by the
deionized water 200, and the pattern 15 formed on the first
region 10 may not be directly exposed to the deionized water
200 so as to be protected from the deionized water 200.

Although the terms first, second, third etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms are only used to distinguish one element, com-
ponent, region, layer or section from another region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the embodiments.

Further, spatially relative terms are intended to encompass
different orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” other elements or features
would then be oriented “above” the other elements or fea-
tures. Thus, the exemplary term “above” may encompass both
an orientation of above and below. The device may be other-
wise oriented (rotated 90 degrees or at other orientations) and
the spatially relative descriptors used herein interpreted
accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. The terms “com-
prises” and/or “comprising” when used in this specification,
specify the presence of stated features, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, steps, operations,
elements, components, and/or groups thereof.

Exemplary embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. Accordingly, it will be understood
by those of ordinary skill in the art that various changes in
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form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An apparatus of cleaning a photomask including a first
region and a second region surrounding the first region, a
pattern to be protected being disposed on the first region, and
a material to be removed existing on the second region, the
apparatus comprising:

a frame with a guide plate; and

a guide nozzle extending through a top of the frame, the

guide nozzle including:

a cleaning liquid nozzle through which a cleaning liquid
is sprayed, the cleaning liquid being sprayed in a
direction oriented from an inner region of the second
region toward an outer region of the second region to
remove the material from the second region, and

ablowing nozzle disposed on a rear surface of the clean-
ing liquid nozzle and through which a gas is blown,
the gas being blown in a direction oriented from the
first region toward the cleaning liquid nozzle and the
second region.

2. The apparatus as claimed in claim 1, wherein:

the cleaning liquid nozzle and the blowing nozzle of the

guide nozzle are disposed on at least one inner surface of

the frame of the apparatus, the guide nozzle extending
on the at least one inner surface of the frame from the top
of the frame to a bottom of the frame, and

an area of the bottom of the frame is equal to an area of the

first region, or is greater than the area of the first region

and smaller than an area surrounded by the material.

3. The apparatus as claimed in claim 1, wherein:

the guide nozzle further includes a deionized water nozzle

disposed on a rear surface of the cleaning liquid nozzle

and through which deionized water is sprayed from the
inner region of the second region toward the outer region
of the second region to remove the cleaning liquid, and

the blowing nozzle is disposed on a rear surface of the
deionized water nozzle.

4. An apparatus of cleaning a photomask including a first
region and a second region surrounding the first region, a
pattern to be protected being disposed on the first region, and
a material to be removed existing on the second region, the
apparatus comprising:

a frame having a guide plate,

wherein a cleaning liquid is provided from an upper portion

of'the guide plate so that the cleaning liquid is sprayed in

a direction oriented from an inner region of the second

region toward an outer region of the second region to
remove the material from the second region,

wherein a gas is provided from an inside region of the

frame, the frame surrounding the inside region, so that

the gas is blown from the first region toward the sprayed
cleaning liquid and the second region, and

wherein the cleaning liquid and the gas are provided

through two separate nozzles contacting each other, a

nozzle for the cleaning liquid being between an edge of
the frame and a nozzle for the gas.
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5. The apparatus as claimed in claim 4, wherein the clean-
ing liquid is uniformly sprayed toward the second region by a
plurality of gullies on the guide plate.

6. The apparatus as claimed in claim 4, wherein the clean-
ing liquid and deionzied water are uniformly sprayed toward
the second region by a plurality of gullies on the guide plate.

7. The apparatus as claimed in claim 4, wherein:

an area of a bottom of the guide plate is equal to an area of

the first region, or is greater than the area of the first
region and smaller than an area surrounded by the mate-
rial, and

the frame has a quadrangular pyramid shape.

8. The apparatus as claimed in claim 1, wherein a source for
the gas is between the pattern and a source for the cleaning
liquid.

9. The apparatus as claimed in claim 1, wherein the clean-
ing liquid nozzle is between an edge of the frame and the
blowing nozzle, the cleaning liquid nozzle and the blowing
nozzle contacting each other.

10. The apparatus as claimed in claim 1, wherein the clean-
ing liquid nozzle and the blowing nozzle have a same shape.

11. The apparatus as claimed in claim 10, wherein each of
the cleaning liquid nozzle and the blowing nozzle includes:

a linear portion extending along a direction normal to the

photomask; and

anangled portion bent with respect to the linear portion, the

angled portion extending from a bottom of the linear
portion in a direction oriented from the first region
toward the second region.

12. The apparatus as claimed in claim 11, wherein the
frame is stationary and overlaps the first region of the photo-
mask, the linear portions of the cleaning liquid nozzle and the
blowing nozzle being positioned above an outermost edge of
the first region, and the angled portions of the cleaning liquid
nozzle and the blowing nozzle extending toward the second
region.

13. The apparatus as claimed in claim 1, wherein the frame
is stationary and overlaps the first region of the photomask,
the guide nozzle being positioned above an outermost edge of
the first region and having a lower portion extending toward
the second region.

14. The apparatus as claimed in claim 1, wherein the clean-
ing liquid nozzle and the blowing nozzle are oriented to have
the cleaning liquid and gas sprayed and blown, respectively,
in a radial direction.

15. The apparatus as claimed in claim 1, wherein the clean-
ing liquid nozzle is between the blowing nozzle and the
second region, such that the cleaning liquid from the cleaning
liquid nozzle contacts only the second region among the first
and second regions.

16. The apparatus as claimed in claim 4, wherein the
nozzles for the cleaning liquid and the gas are on an inner
surface of the frame, the inner surface of the frame being
above an outermost edge of the first region of the photomask.

17. The apparatus as claimed in claim 16, wherein bottom
edges of the nozzles for the cleaning liquid and the gas face
the photomask and are oriented to provide the cleaning liquid
and gas, respectively, outside the first region of the photo-
mask.



